BACKGROUND/OBJECTIVES: Dietary factors have been hypothesized to influence the risk of preeclampsia. The aim of this study was to investigate the association between maternal intake of sugar and foods with a high content of added or natural sugars and preeclampsia. SUBJECTS/METHODS: A prospective study of 32 933 nulliparous women in the Norwegian Mother and Child Cohort Study, conducted by the Norwegian Institute of Public Health. Participants answered a general health questionnaire and a validated food frequency questionnaire during pregnancy. Information about preeclampsia was obtained from the Medical Birth Registry of Norway. The relative risk of preeclampsia was estimated as odds ratios (OR) and 95% confidence intervals (CIs) and adjusted for known confounders. RESULTS: The intake of added sugar was higher in women who developed preeclampsia than in healthy women in the unadjusted analysis, but not in the adjusted model. Of food items with a high content of added sugar, sugar-sweetened carbonated and noncarbonated beverages were significantly associated with increased risk of preeclampsia, both independently and combined, with OR for the combined beverages 1.27 (95% CIs: 1.05, 1.54) for high intake (4 ¼ 125ml/day) compared with no intake. Contrary to this, intakes of foods high in natural sugars, such as fresh and dried fruits, were associated with decreased risk of preeclampsia. CONCLUSIONS: These results suggest that foods with a high content of added sugar and foods with naturally occurring sugars are differently associated with preeclampsia. The findings support the overall dietary advice to include fruits and reduce the intake of sugar-sweetened beverages during pregnancy.
INTRODUCTION
Preeclampsia is a syndrome unique for human pregnancy and characterized by hypertension and proteinuria in a previously healthy woman. It is a common pregnancy complication and a main cause of morbidity and mortality among both pregnant women and their offspring. 1 In Norway, the prevalence of preeclampsia is about 4%. 2 The pathogenesis is still unknown, but disturbed placentation, oxidative stress, inflammatory response to pregnancy and endothelial dysfunction have been identified as risk factors. 3 The role of maternal diet in the etiology of preeclampsia has received much attention, and many nutritional factors have been suggested among potential triggers of this syndrome. 4 Different dietary components have been investigated as targets for intervention without convincing results. 5, 6 However, results from observational studies indicate that high intake of sugar or sugar containing foods and low intake of dietary fiber may influence the risk of preeclampsia. [7] [8] [9] Possible mechanisms by which dietary components, including sugar, could influence the development of preeclampsia have been suggested to be through modification of endothelial, vascular and inflammatory responses. 4, 5 In nonpregnant populations, sugar consumption has been associated with development of obesity, metabolic and cardiovascular diseases. 10 We have previously examined the overall dietary patterns and risk of preeclampsia in a large pregnancy cohort in Norway. 11 The results showed lower risk of preeclampsia in women adhering to a dietary pattern characterized by vegetables, plant foods and vegetable oils and higher risk in women adhering to a pattern characterized by high consumption of processed meat products, salty snacks and sugar-sweetened beverages. As a follow-up of that study, we wanted to examine more specifically the intakes of added sugar, mono-and disaccharides and sugarrich food items.
Sugar belongs to the carbohydrate family and provides very rapidly available energy. Simple sugars such as sucrose (commercial 'sugar'), fructose (fruit sugar) or glucose (present in fruits and also used as an ingredient) are natural ingredients in many foods, including fruits, but are also added to manufactured products. In sweet beverages and confectionery, the presence of sugars is obvious, while the occurrence in foods such as yoghurt, breakfast cereals, bread spread and condiments is less obvious. The aim of this study was to investigate the association between maternal intake of sugar and food items with a high content of added or natural sugars and the development of preeclampsia in a large prospective cohort of nulliparous women in Norway.
SUBJECTS AND METHODS

Population and study design
The data set is part of the Norwegian Mother and Child Cohort Study (MoBa) initiated by and maintained at the Norwegian Institute of Public Health. 12 In brief, MoBa is a nation-wide pregnancy cohort that in the years from 1999 to 2009 included 108 000 pregnancies. Participants were recruited from all over Norway from 1999-2008, and 38.5% of invited women consented to participate. The women were asked to provide biological samples and to answer three questionnaires during pregnancy. 12 The data included in this study are collected from the two questionnaires answered in gestational weeks 15 (Q1) and 18-22 (Q2), respectively. Q2 is a food frequency questionnaire (FFQ), while Q1 is a general questionnaire covering health, exposures, lifestyles and background factors. Pregnancy and birth records from the Medical Birth Registry of Norway (MBRN) are linked to the MoBa database. 13 Informed consent was obtained from each participant before the study. The study was approved by the Norwegian Data Inspectorate and the Regional Committee for Ethics in Medical Research.
This study used the quality-assured data files released for research in 2009 (version 4). At the time of this analysis 39 199 nulliparous women had answered the first MoBa questionnaire (Q1) and were recorded in MBRN with singleton births. Of these, 34 160 (87%) had also answered version 2 of the FFQ and 33 549 had valid energy intakes (total energy between 1080 and 4780 kcal/day). The range of acceptable energy intake in MoBa has been evaluated elsewhere.
14 Furthermore, we excluded women with chronic hypertension or diabetes mellitus as registered in MBRN (n ¼ 616), resulting in a final study sample of 32 933 (84%).
Dietary information
The dietary data used in this study were collected from February 2002 to November 2008. The MoBa FFQ (downloadable at http://www.fhi.no/ dokumenter/011fbd699d.pdf) was completed in weeks 17-22 of gestation. This FFQ is a semi-quantitative questionnaire that asks about the intake of 255 food items and is designed to capture dietary habits and intake of dietary supplements during the first 4-5 months of pregnancy. 14 Respondents were asked to fill in the mean intake of the food items eaten since becoming pregnant. The frequency intervals ranged from never to 48 times a day. Portion size was only given for units of fruit, bread (slices) and liquids (cups/glasses). The questionnaires were optically read. FoodCalc 15 and the Norwegian Food Composition Table  16 were used for calculation intakes of foods and nutrients. The validity of the MoBa FFQ has been thoroughly evaluated. [17] [18] [19] The Norwegian Food Composition Table  16 lists the concentrations of added sugar and mono-and disaccharides for all food items separately, although the values for mono-and disaccharides also include added sugar in addition to the naturally occurring sugars such as fructose, maltose, glucose and lactose. Added sugar comprises refined and industrial processed sugars such as glucose, sucrose, fructose and glucose sirup.
The daily intakes (g/d) of the 255 food and beverages were aggregated into 100 non-overlapping food items/groups based on structure, nutrient profile or culinary usage.
In this study, we examined 22 of the 100 food groups based on their content of added sugar or mono and disaccharides. We included food groups with B10 g or more of simple carbohydrates per 100 g food.
Dietary intakes of nutrients and food groups were treated both as continuous variables and by ordered categories. The ordered categories were based on quintiles for food items with few or no non-consumers. Food items with a high number of non-consumers were treated either as no/yes variable or divided into four groups, one 'no-intake group' and tertiles among consumers. In the adjusted analysis, the lowest intake group (representing women with no or low intake of the food item) was used as the reference category.
Preeclampsia
The main outcome was preeclampsia as registered in the MBRN, defining preeclampsia as de novo hypertension and proteinuria in previously healthy women. 20 Information provided to the registry was based on forms routinely completed by midwives shortly after each delivery. Preeclampsia was divided into subgroups according to early or late onset and clinical severity. Preeclampsia in this study includes any of these. The validity of the preeclampsia diagnosis in MBRN is presently being assessed, but the results are not available yet. A recent study from Denmark examined the validity of preeclampsia and related diagnoses recorded in a mandatory P-value for trend across ordered categories using linear regression (category with missing data not included).
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Danish national discharge registry, which is comparable to the MBRN. The results showed a high positive predictive value of the preeclampsia diagnosis, and all registrations of serious preeclampsia subtypes reflected true cases. 21 We believe similar results will apply to the MBRN.
Other variables
Although the aim of this study was to examine the influence of sugar and sugar-rich food items, the total diet needed to be taken into account. Therefore, we included dietary fiber among the confounding variables. Dietary fiber reflects the intake of vegetables, fruits and unrefined grains and can be viewed as a marker of a healthy diet. Furthermore, we adjusted for variables known to be associated with the disease outcome; maternal age, smoking habits, maternal education, body mass index (BMI), maternal height, total energy intake (kcal) and exercise during pregnancy. Maternal age at time of delivery was obtained from MBRN and was grouped into four categories (o25, 25-29.9, 30-34.9 and 35 þ ). Smoking habits during pregnancy were divided into three categories (non-smokers, occasional smokers and daily-smokers), exercise habits into four categories (no exercise, less than once a week, one to two times weekly and three times weekly or more). Maternal education was divided into four categories (o12 years, 12 years, 13-16 years and 17 þ years) and maternal pre pregnancy BMI was divided according to the WHO cutoff points for adults. Maternal height was grouped according to quartiles.
Statistical methods
We used linear regression to find P-value for trend across ordered categories of maternal characteristics. Differences in dietary intakes between women who developed and those who did not develop preeclampsia were examined using independent samples t-tests. 
RESULTS
Among 32 933 nulliparous women, 1703 women (5.2%) developed preeclampsia. The intakes of added sugar and mono-and disaccharides differed significantly by maternal characteristics ( Table 1) . Intake of added sugar decreased with increasing age, education BMI and exercise, and was higher in smokers than in non-smoker. Intake of mono-and disaccharides followed the same pattern except for exercise, for which the intake of monoand disaccharides was increased with increasing exercise activity ( Table 1 ).
In the crude analyses, we observed that the women who developed preeclampsia had higher intake of added sugar than the healthy women, while the intake of total energy and of monoand disaccharides did not differ between the groups (Table 2) . Women who developed preeclampsia had higher intakes of the sugar-sweetened beverages and lower intakes of fresh and dried fruits, honey as spread, jam and sugar or honey in tea or coffee ( Table 2) .
The results from the adjusted regression analyses are shown in Table 3 . We did not observe an increased risk of preeclampsia in women ranked in the highest categories of added sugar. 
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However, high intake of either carbonated or non-carbonated sugar-sweetened beverages was associated with a significantly increased risk of preeclampsia. Combining the carbonated and non-carbonated drinks strengthened the association (Table 3) . Food groups with a high content of natural sugars, such as fresh fruit and dried fruit, were inversely associated with the risk of preeclampsia (Table 3) . Adjusting for dietary fiber tended to attenuate the associations. BMI was the variable with the largest influence on the estimates and therefore we also examined the association between sugar-sweetened beverages and preeclampsia by stratifying women by BMI o25 and BMI 25 or above. High intake of sugar-sweetened beverages was associated with increased risk in both groups, but was stronger in women in the lowest BMI group (crude OR: 1.32 and 1.28, respectively). Finally, we examined the OR for more extreme intake categories of sugar-sweetened beverages by categorizing into no intake, o500 ml, 500-1000 ml and 1000 þ ml daily. The OR for consuming at least 1000 ml daily of non-carbonated sugarsweetened beverages was twice as high as for no intake (OR: 2.04; 95% CI: 1.21, 3.45).
DISCUSSION
Our working hypothesis was that consumption of food items with a high content of added sugar was associated with increased risk of preeclampsia. We did not observe any independent association for the total estimated intake of added sugar or of mono-and disaccharides. The hypothesis was confirmed only for high intake of sugar-sweetened beverages but not for foods with a high content of naturally occurring sugars. Our results indicate a differential influence of naturally occurring and industrially added sugars. A possible explanation could be that foods with high content of natural sugars also have high content of dietary fiber. This is certainly true for dried fruit.
The results of this study resemble those of other studies that have used a case-control or cohort design. In a case-control study Dietary sugars and preeclampsia I Borgen et al with 172 preeclamptic and 339 normotensive controls, the authors reported that consumption of some food items, including fruits, and intakes of magnesium, potassium and total fiber were associated with reduced risk of preeclampsia. 9 Similar results were reported in a prospective study of maternal dietary fiber intake in early pregnancy and subsequent preeclampsia risk. 8 Clausen et al. 7 found increased risk of preeclampsia in women with high intakes of sugar, total energy and polyunsaturated fatty acids in a previous study from Norway. They also reported that high intake of sugar-sweetened soft drinks was associated with increased risk, while no association was observed for intake of fruits. In the earlier study from MoBa where we examined the risk of preeclampsia and overall dietary patterns, fruit was among the food groups with high positive loadings on the pattern associated with lower risk while sugar-sweetened drinks were among food groups with high positive loadings on the pattern associated with increased risk of preeclampsia. 11 In the present study, the association between sugar-sweetened drinks and preeclampsia was evident independent of adjustment for dietary fiber. Although no increased risk was observed for added sugar, these results indicated that the observed association for the sweet drinks cannot be explained by their contribution of added sugar. Contrary to the results of the present study, a prospective study in the US found that chocolate consumption was associated with reduced risk of preeclampsia and gestational hypertension. 22 In spite of the associations between sugar-sweetened beverages and preeclampsia observed in this study it is not possible to establish any causal implications. Adjusting for dietary fiber tended to attenuate the associations between single food groups and preeclampsia and corroborate that single nutrients or components need to be evaluated in a context of the total diet. Our results support the current dietary advice to reduce the intake of sugar-sweetened beverage and to include more fruits, vegetables and plant based foods. 23 Preeclampsia includes many pathophysiological mechanisms similar to atherosclerosis and type II diabetes, including oxidative stress, insulin resistance, endothelial dysfunction and inflammation. [24] [25] [26] In non-pregnant populations, diets characterized by low intake of added sugar or by high intake of plant foods have been shown to beneficially influence markers of inflammation and endothelial dysfunction. [27] [28] [29] The scientific evidence has not been sufficient to establish a causal link between high overall sugar consumption and the development of obesity, metabolic and cardiovascular diseases. 10 However, several studies have reported associations between sugar-sweetened beverages and disease outcomes. [30] [31] [32] Cohen et al., 33 recently showed that consumption of sweetened beverage, but not sugar contributed by the beverage, was associated with an increased risk of incident hypertension in three large prospective US cohorts.
This study has both strengths and limitations. A major strength is that the women were recruited from all parts of Norway and represent diversity with regard to dietary habits, food intakes, age and sociodemographic variables. Furthermore, information about dietary habits was obtained before disease onset, which reduces the likelihood of misreporting as a consequence of the disease in preeclamptic women. However, it is not possible to obtain a 'true' picture of food intakes using a self-reported method such as a FFQ. Misreporting is a serious error in all dietary assessment methods. 34 It has been shown that food items perceived as 'unhealthy' are underreported to a larger degree than food perceived as 'healthy'. 35 This is especially relevant for this study of sugar and sugar-rich foods, and may explain why no association was seen between added sugar and preeclampsia in the adjusted model.
In conclusion, the results of the current study suggest a differential influence of foods with a high content of added sugar and foods with naturally occurring sugars on the risk of preeclampsia. It must be taken into account that there was large heterogeneity between the sugar-rich food groups examined in the study, but our findings support the overall dietary advice to include fruit and to reduce the intake of sugar-sweetened beverages during pregnancy.
